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INTRODUCTION 

 

Susceptibility for low bone mass is present early in life, the amount of bone gained during 

adolescence is a main contributor to peak bone mass in the young adult, and peak bone mass in 

the young adult is a likely determinant of osteoporosis in the elderly.  While research continues 

to identify means of reversing osteoporosis in the elderly, these data from children, adolescents 

and young adults indicate that enhancing bone health early in life represents a viable means of 

deterring osteoporosis decades before it arises.  However, the benefits of early pharmacological 

interventions to prevent a disease that will not manifest for decades must be weighed against the 

possible complications of extended treatment. 

   

Approximately one in three children suffer a bone fracture by the time they reach skeletal 

maturity.  While strenuous physical activity and occupational hazards are key factors in the 

pathogenesis of these fractures, several studies indicate that teenagers who sustain fractures also 

have decreased bone mass.  Therefore, the use of low-level mechanical signals to strengthen 

bone in young subjects with low bone mass may be relevant not only to the treatment of existing 

skeletal fragility, but, by enhancing peak bone mass – and retaining it through adulthood – may 

reduce the risk of osteoporosis and fractures later in life.  This study was designed to establish if 

brief, daily exposure to extremely low-level mechanical stimuli is anabolic to musculoskeletal 

development in young males and females, 15-20 years of age, with low bone density, who had 

previously sustained a fracture. 

 

The effects of two twelve-month interventions on musculoskeletal development in young men 

and women are being longitudinally studied and the results compared to matched groups of 

subjects undergoing no intervention.  The mechanical intervention consists of brief exposure to 

low level (0.3g; 1g = earth gravitational field) high frequency (30-Hz) mechanical loading for 10 

minutes every day.  The resistance exercise intervention consists of 30 minutes of weight-bearing 

and trunk stabilization exercises three times per week.   

 

The cross-sectional properties of the bone make a substantial contribution to its strength.  Data 

indicate that the cross-sectional dimensions of bone are important determinants of low-energy 

impact fractures in children, stress fractures in military recruits, and osteoporotic fractures in 

elderly women.  Insulin-like growth factor-I (IGF-I), a major regulator of longitudinal bone 

growth, has also recently been shown to be an important determinant of cross-sectional bone 

growth.  This study also examines the possible relations between the cross-sectional properties of 

bone and circulating levels of IGF-I, IGF-binding protein-3, and IGF-I genotypes in young adults 

who had previously sustained fractures.  The possible relations between bone acquisition induced 

by mechanical stimulus and circulating levels of IGF-I and the IGF-I genotype are being 

assessed. 
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BODY 

 

Cross-sectional Study – Females & Males.    

 

As previously reported, the cross-sectional phase of this study was completed in 2004; 144 

females and 144 males participated.  Subjects underwent physical examinations to confirm 

completion of sexual development, anthropometric measurements, x-rays of the left hand/wrist 

for skeletal age, blood draws for IGF-I, IGFBP-3, IGF-I genotyping, measurements of bone and 

body composition obtained via computed tomography (CT) and dual energy x-ray 

absorptiometry (DXA), and questionnaires pertaining to dietary intake and physical activity.  

Results and conclusions from the cross-sectional studies were included in the October 2004 

Annual Report. 

 

Longitudinal Study – Females.   

 

Of the 144 women who volunteered for this project, those with the lowest values for bone were 

enrolled in the longitudinal arm, which entailed three groups: control, vibration intervention, and 

physical activity intervention.  Table 1 illustrates the baseline characteristics of the subjects in 

each group.   

 

Mechanical Stimulation and Control Arms.  Results of studies in the control and vibration 

intervention groups are detailed below.  

 

Intention to Treat Analysis:  Over the course of the one year intervention, experimental and 

control subjects showed identical increases in height (0.4%), and similar increases in weight 

(2.6% and 2.1%, respectively), BMI (1.9% and 1.4%, respectively) and calcium intake (42% and 

36%, respectively), with no significant differences at follow-up in measures of physical activity 

or inactivity.  There were no reported adverse reactions to the mechanical intervention treatment. 

 

Table 2 summarizes the results from the ITT analysis, with baseline and follow-up CT values for 

muscle and bone in the axial and appendicular skeleton for both groups.  Baseline values for the 

panel of musculoskeletal measures were not significantly different in the experimental group 

than those measured in the controls.  While significant increases were present at follow-up for all 

Table 1.  Baseline measures for  

anthropometric parameters, physical activity, and calcium intake  

for the female controls, vibration, and physical activity intervention groups. 
 

 Control Vibration  

Intervention 

Activity 

Intervention 

Age (yrs) 17.6 ± 1.3 17.3 ± 1.5 19.6 ± 1.6 
Bone Age (yrs) 17.4 ± 0.7 17.0 ± 1.0 18.0 ± 0.1 
Height (cm) 164.0 ± 6.1 160.8 ± 3.8 161.3 ± 6.3 
Weight (cm) 67.5 ± 15 63.3 ± 13.7 63.4 ± 20.0 
BMI (kg/m3) 25.1 ± 5.5 24.5 ± 5.5 24.2 ± 6.3 
Physical Exercise Index (hr/week) 9.9 ± 9.0 11.3 ± 11 14.7 ± 10.5 
Inactivity Index (hr/week) 8.9 ± 9.3 5.6 ± 3.9 8.1 ± 4.3 
Calcium Intake (mg/day) 1138 ± 814 1354 ± 1251 1201 ± 724 
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morphological traits in experimental group, the only significant change observed in the control 

group was evident in the cross-sectional area of the femur. 

 

 
Table 2.  Baseline, short-term (1-year) and long-term (2-year)  

CT measures and P values for specific musculoskeletal regions within the  

axial and appendicular skeleton of both control and experimental groups (N = 24 in each group). 

 

 Control  Experimental 

Axial  Baseline One Year Two Years  Baseline One Year Two Years 

Total Paraspinous Musculature 

(cm2) 
181.6 ± 26 182.8 ± 27 184.5 ± 26  

167.5 ± 29 177.5 ± 31 178.0 ± 32 

Psoas  (cm2) 48.7 ± 8.2 48.7 ± 7.7 49.1 ± 7.9  45.0 ± 9.5 48.0 ± 10.9 48.3 ± 10.5 
Quadratus Lumborum (cm2) 20.9 ± 5.9 21.9 ± 6.7 21.8 ± 6.5  19.1 ± 3.6 21.2 ± 4.3 21.7 ± 4.5 
Erector Spinae (cm2) 112.0 ± 15.0 112.2 ± 15.0 112.1 ± 15.0  103.4 ± 21 108.3 ± 21 108.7 ± 22 
Spine Cancellous Bone Density 

(mg/cm3) 
171.3 ± 17.1 171.5 ± 14.9 171.6 ± 13.8  

164.8 ± 25 168.6 ± 25 168.8 ± 25 

Appendicular         

Quadriceps femoris muscle (cm2) 112.0 ± 16.0 114.6 ± 14.0 114.8 ± 17.0  104.4 ± 13 108.5 ± 15 109.2 ± 14 
Femur Cross-sectional Area 

(cm2) 
5.12 ± 0.77 5.17 ± 0.82 5.18 ± 0.79  

4.82 ± 0.53 4.92 ± 0.52 4.94 ± 0.53 

Femur Cortical Bone Area (cm2) 4.18 ± 0.51 4.24 ± 0.58 4.30 ± 0.50  3.96 ± 0.43 4.10 ± 0.42 4.14 ± 0.41 
 

Table 3 presents the absolute changes and percent changes for all women in each of the two 

groups. In the axial skeleton, significantly greater increases were evident in the absolute and/or 

percent change of paraspinous musculature of the experimental group over all controls, with 

6.0% greater gains measured in the psoas (p<0.003) and 4.4% in the erector spinae (p=0.03).  

The spine had 2.0% more cancellous bone in the experimental than the control cohort (p=0.06).  

 

 

Table 3.  After the 1-year intervention, absolute and percent change in  

CT measures of specific musculoskeletal regions of the axial and appendicular skeleton  

for all subjects in the control and experimental groups (N = 24 in each group). 
 

 Absolute change  Percent change 

Axial Control Experimental P  Control Experimental P 

Total Paraspinous Musculature (cm2) 1.2 ± 9.0 10.1  ± 12.5 0.007  0.5 ± 5.0 5.4 ± 6.9 0.002 

Psoas (cm2) 0.0 ± 2.9 3.1 ± 3.5 0.002  -0.1 ± 0.1 5.9 ± 6.7 0.003 

Quadratus Lumborum (cm2) 1.0 ± 2.7 2.2 ± 2.6 0.16  3.0 ± 14.7 9.0 ± 11.7 0.17 

Erector Spinae (cm2) 0.2 ± 5.6 5.3  ± 11.0 0.05  -0.1 ± 0.9 4.3 ± 8.8 0.03 

Spine Cancellous Bone Density 

(mg/cm3) 
0.1 ± 7.7 3.8 ± 7.7 0.11  0.1 ± 4.5 2.1 ± 4.9 0.06 

        

Appendicular        

Quadriceps Femoris Area (cm2) 2.6 ± 8.4 4.1 ± 4.5 0.45  2.2 ± 2.7 3.6 ± 3.6 0.36 

Femur Cross-sectional Area (cm2) 0.1 ± 0.1 0.1 ± 0.2 0.25  0.9 ± 2.2 1.9 ± 3.4 0.28 

Femur Cortical Bone Area (cm2) 0.05 ± 0.17 0.14 ± 0.15 0.08  1.1 ± 3.7 3.4 ± 3.7 0.04 

 



 

 8 

In the appendicular skeleton, experimental subjects had a 2.3% greater increase than controls in 

femoral cortical bone area (p<0.04; Figure 1).  Considering that the cross sectional area defined 

by the periosteal envelope (femur cross-sectional area) was similar in the two groups (mean area 

increase in each cohort increased 0.1 cm
2
; p=0.25), indicates that the increase in bone area was 

achieved through apposition on the endosteal surface.  

  

None of the baseline variables showed a significant correlation with any of the absolute or 

percent changes over the 12-month experimental period.  As a result, p-values changed 

insignificantly when any of these baseline characteristics were considered as covariates for the 

absolute and relative comparison between controls and experimental subjects.  

 

Statistically significant differences between experimental subjects and controls were also found 

when the changes from all outcome variables were analyzed as a vector of observation using a 

multivariate repeated measure ANOVA; this was true whether the analysis was based on 

absolute change or percent changes, with or without covariates  (p<0.05).  When separated into 

two anatomical regions, significant differences were observed for the axial, but not for the 

appendicular skeleton.  

 

Per Protocol Analysis:  Compliance in the 24 women in the experimental group was highly 

variable, ranging from 1-100%, with a mean compliance of 130.3 ± 92.1 min/month or 4.3 

min/day (Figure 2a).  A post-hoc, per-protocol analysis was used to determine if a there was a 

dose:response benefit of treatment duration, or if a compliance threshold existed, beyond which 

exposure to mechanical intervention no longer provided additional benefit.  The experimental 

cohort was stratified into quartiles according to their percent compliance, with the bottom 

quartile including compliance values between 1-13% (n=6), the second lowest quartile of 

compliance between 21-39% (n=6), the second highest quartile fell between 41-71% of 

compliance (n=6), and the quartile with the highest compliance was between 77-100% of 

compliance (n=6).   

 

 

 

 

FEMUR CBA SPINE vBMD PARASPIN. AREA

0

1

2

3

4

5

6

7

P
E
R
C
E
N
T
 C
H
A
N
G
E

FEMUR                     SPINE               PARASPINOUS

CBA                         vBMD MUSCULATURE  

FEMUR CBA SPINE vBMD PARASPIN. AREA

0

1

2

3

4

5

6

7

P
E
R
C
E
N
T
 C
H
A
N
G
E

FEMUR                     SPINE               PARASPINOUS

CBA                         vBMD MUSCULATURE  

Figure 1. Percent change (mean ± SE) occurring over 
the 1-year intervention from both the control (white 

bars) and experimental (striped bars) subjects, using 

an intention-to-treat analysis and therefore including 

all 24 subjects who began the protocol in each group.  

The graph presents the CT data from the cortical bone 

area of the femur (p = 0.04), the cancellous BMD of 

the spine (p = 0.06), and the total paraspinous 

musculature (p = 0.002).  
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A dose effect was evident in the erector spinae muscle, providing a first indication of a 

significant increase in muscle mass achieved at 20% compliance (two minutes per day; Figure 

2b).  When assessed via the responsivity of specific quartiles of compliance, clear threshold 

characteristics were observed in a number of musculoskeletal sites, with the lowest quartile 
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Figure 2.  A) Compliance for each of the 24 subjects in the experimental group, as expressed in minutes per month.  

Each subject was requested to use the device for 10 minutes/day, such that 300 minutes/month would represent 100% 

compliance.  Experimental subjects are represented either as those who used the device <20% of the allotted time 

(stippled bars) and are indicated as low compliance (N = 6) or those who used the device for >20% of the time 

(striped bars) and are indicated as high compliance (N = 18).  B) Percent change in the cross-sectional area of the 

erector spinae muscle of each experimental subject, as related to their compliance. 
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Figure 3. Percent change (mean ± SE) measured over the 1-year period 

for (A) paraspinous musculature, (B) vertebral cancellous BMD, and (C) 

femoral cortical area in control subjects (white bars; N = 24) compared 

with experimental subjects in each of the compliance quartiles (N = 6 

each).  P values reflect comparison of subjects pooled from the three top 

compliance quartiles (compliance >20%) to the pooled low compliance 

(<20% compliance) plus the control group.  Note very little change was 

measured in either the controls or the quartile representing the lowest 

compliers over tehe 1-year period, whereas the anabolic response to the 

mechanical signal did not increase beyond the 2-minute “threshold”, 

implying a triggered response of bone to mechanical signals rather than 

an accumulated dose:response adaptation. 
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failing to respond at all to the intervention, and the three highest quartiles being very similar in 

their responses (Figure 3).  Given the non-responsivity of those in the lowest quartile of 

compliance, these subjects were pooled with controls.  Moving these low compliers into the 

control groups further reduced the small differences in baseline characteristics between control 

and experimental subjects, including the p-value for the difference in height from less than 0.05 

to p=0.8. 

 

There were no significant changes between short-term and long-term visits in any of the 

parameters measured in the axial or appendicular skeletons.  This was true for bone, muscle and 

fat measures, regardless of whether assessments were made as percent change or absolute 

change.   

 

As summarized in Table 4, women who used the intervention at least two minutes per day 

(n=18) showed significant increases over the group pooling controls and those in the lowest 

quartile of compliance (n=30).  Figure 4 illustrates the differences between groups, and includes 

an 8.3% greater cross sectional area of the erector spinae musculature in highly compliant 

women over controls and low compliers (p=0.006), a 5.2% increase in the cross sectional area of 

the psoas (p=0.02), 7.2% greater mass in the total paraspinous musculature of high compliers 

(p=0.001), a 3.9% greater density in the cancellous bone of the spine (p=0.007), and a 2.9% 

greater cortical bone area in the femur (p=0.009).  No significant differences were observed in 

the musculature of the femur, or in the cross-sectional area - in contrast to cortical bone area - of 

the femur. 

 

 
Table 4.  Using a Per Protocol analysis, subjects (n=6) within the lowest quartile of compliance  

were pooled with controls (controls + poor compliers: total n=30), and compared to the absolute  

and percent changes measured from CT in the subjects in the three highest quartiles of compliance  

(high compliers: n=18).  Highly significant differences were observed in several regions of the spine  

musculature, as well as the cancellous bone of the spine and cortical bone area of the hip, while musculature  

around the femur and cross-sectional area of the femur were not significantly different between groups. 

 

 Absolute Change  Percent Change 

Axial 
Control + Poor-

Comp. 

High-

Compliers 
P 

 Control + 

Poor-Comp. 

High-

Compliers 
P 

Total Paraspinous Musculature 

(cm2) 
1.4 ± 8.9 12.6  ± 12.6 0.001 

 
0.8 ± 5.1 8.0 ± 9.1 0.001 

Psoas (cm2) 0.6 ± 3.6 3.1 ± 2.8 0.01  1.6 ± 8.2 6.8 ± 6.0 0.02 

Quadratus Lumborum (cm2) 1.1 ± 2.5 2.4 ± 2.7 0.11  5.4 ± 13.7 13.4 ± 15.0 0.07 

Erector Spinae (cm2) -0.3 ± 5.3 7.1  ± 10.4 0.002  -0.2 ± 4.7 8.1 ± 14.5 0.006 

Spine Cancellous Bone Density 

(mg/cm3) 
-0.4 ± 7.4 5.9 ± 7.2 0.006 

 
-0.1 ± 4.5 3.8 ± 4.9 0.007 

Appendicular        

Quadriceps Femoris Area (cm2) 3.0 ± 7.8 4.0 ± 4.5 0.59  3.0 ± 6.8 3.9 ± 4.2 0.63 

Femur Cross-sectional Area (cm2) 0.05 ± 0.12 0.12 ± 0.16 0.10  1.0 ± 2.2 2.4 ± 3.7 0.12 

Femur Cortical Bone Area (cm2) 0.05 ± 0.17 0.17 ± 0.13 0.02  1.3 ± 3.9 4.3 ± 3.6 0.009 
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DXA:   Mean values for spine bone mineral content (BMC) and area bone mineral density 

(aBMD) and for total body BMC were significantly higher in both groups at follow-up.  In 

addition, in the experimental group, values for total body aBMD were higher after the 

intervention.  There were, however, no significant differences between groups in the absolute 

and/or percent change for any of these DXA measures of bone and body composition. 

 

Longitudinal Study – Males.   

 

Of the 144 males who volunteered to participate in this project, those with the lowest values for 

bone were enrolled in one of three groups in the longitudinal arm: control, vibration intervention, 

or physical activity intervention.  Table 5 illustrates the baseline characteristics of the subjects in 

each group.   

 

Mechanical Stimulation and Control Arms.  Twenty-four males were initially enrolled in each of 

the vibration intervention and control groups.  During the course of the intervention, one 

participant in the vibration intervention group moved out of state and one was incarcerated; by 

February 2006, the remaining 22 males had completed the intervention.   

Table 5.  Baseline measures for 

anthropometric parameters, physical activity, and calcium intake 

for the male controls, vibration, and physical activity intervention groups. 

 Control Vibration  

Intervention 

Activity  

Intervention 

Age (years) 17.4 ± 1.4 17.0 ± 1.9 20.3 ± 1.7 
Skeletal Age (years) 17.3 ± 0.9          17.0 ± 1.1 18.9 ± 0.1 
Height (cm)    173.0 ± 8.7        170.0 ± 8.5      175.0 ± 7.5 
Weight (kg)      75.0 ± 14.3          64.6 ± 16.8   77.2 ± 12.6 
BMI (kg/m2)      25.1 ± 5.0          22.2 ± 4.2 25.2 ± 3.8 
Physical Exercise Index (hr/wk)      11.7 ± 9.4          13.2 ± 12.1 13.6 ± 7.8 
Inactivity Index (hr/wk)        6.9 ± 3.7          11.1 ± 16.1 9.00 ± 4.2 
Calcium Intake* (mg/day)   950.6 ± 595 1063.7 ± 443 1001.0 ± 607 
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Figure 4.  Differences in the change 

(mean + SE) measured over the 1-year 

period for those who used the device  

>2 minutes/day, as compared with the 

controls pooled with the women in the 

lowest quartile of compliance.  Each 

parameter evaluated, with the 

exception of musculature around the 

femur and femoral cross-sectional 

area, showed that the experimental 

group benefited significantly (*) from 

the mechanical intervention. 
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Table 6 shows baseline and follow-up values for measures of bone, muscle and fat in the axial 

and appendicular skeleton for the control and mechanical intervention groups, and Table 7 

describes the absolute and percent change for CT values in the control and experimental groups.   

 
 

Table 6. Baseline and 1-year CT measures and P values for specific musculoskeletal regions  

within the axial and appendicular skeleton for both control (N=24) and experimental (N=21) groups 

 
 Control  Experimental 

 Baseline Follow-up P  Baseline Follow-up P 

Axial        

Paraspinous Musculature (L2+L3) 91.7 ± 14.8 92.3 ± 15.3  0.63  80.5 ± 20.1 84.3 ± 18.7 0.01 

Spine Cancellous BMD (mg/cm2) 171.9 ± 26.9 176.5 ± 29.2 0.06  158.1 ± 26.7 165.4 ± 32.7 0.08 

Spine cross-sectional area (cm2) 10.7 ± 1.4 10.8 ± 1.4 0.24  10.6 ± 1.4  10.6 ± 1.6 0.92 

V-Fat (cm2) 43.1 ± 62.0 57.4 ± 94.4 0.05  15.7 ± 20.5 23.6 ± 39.0 0.09 

S-Fat (cm2) 174.0 ± 149.6 194.7 ± 173.7 0.04  104.9 ± 120.6 116.3 ± 116.4 0.40 

Total Fat (cm2) 217.1 ± 207.8 252.1 ± 261.2 0.02  120.2 ± 138.0 140.0 ± 153.3 0.22 

Vertebral Height (cm) 2.5 ± 0.2 2.5 ± 0.2 0.12  2.4 ± 0.1 2.5 ± 0.1 0.003 

Vertebral Volume (mg/cm)  26.5  ± 5.1 27.3 ± 4.9 0.04  26.1 ± 4.4 26.8 ± 5.3 0.06 

Appendicular        

Quadriceps femoris area (cm2) 138.4 ± 16.0 158.7 ± 18.9 <.001  129.4 ± 25.3 147.0 ± 36.3 <.001 

Femur cross-sectional area (cm2) 6.4 ± 0.6 6.5 ± 0.7 .002  5.8 ± 0.8 6.0 ± 0.9 .002 

Femur cortical bone area (cm2) 5.1 ± 0.6 5.3 ± 0.6 <.001  4.7 ± 0.7 4.9 ± 0.8 <.001 

Femur BMD (mg/cm2) 1194.8 ± 33.2 1204.9 ± 44.5 0.35  1193.4 ± 27.7 1208.7 ± 41.5 0.08 

Femur Fat (cm2) 61.5 ± 35.8 64.2 ± 36.5 0.62  41.1 ± 28.0 53.5 ± 33.2 0.09 

 

 
Table 7.  Absolute and percent change for CT measures and P values for specific musculoskeletal  

regions within the axial and appendicular skeleton for both control (N=24) and experimental (N=21) groups. 

 

 Absolute Change  Percent Change 

 Control Experimental P  Control Experimental P 

Axial        

Paraspinous Musculature (L2+L3) 0.6 ± 7.2 3.8 ± 6.3 0.12  0.3 ± 8.3 4.7 ± 8.3 0.08 

Spine Cancellous BMD (mg/cm2) 4.7 ± 11.7 6.9 ± 17.0  0.60  2.3 ± 7.9 3.1 ± 9.2 0.74 

Spine cross-sectional area (cm2) 0.1 ± 0.4  0.01 ± 0.4 0.37  0.7 ± 3.4 0.1 ± 3.1 0.30 

V-Fat (cm2) 14.3 ± 34.7  7.9 ± 20.2 0.46  16.2 ± 36.8 9.0 ± 73.0 0.67 

S-Fat (cm2) 20.7 ± 46.9 11.4 ± 61.0 0.57  3.2 ± 29.3 7.5 ± 47.6 0.72 

Total Fat (cm2) 35.0 ± 71.4  19.7 ± 71.0 0.48  6.6 ± 28.1 9.1 ± 47.0 0.83 

Vertebral Height (cm) 0.04 ± 0.1 0.717  0.07 ± 0.1 0.39  1.7 ± 3.9 2.7 ± 4.0 0.39 

Vertebral Volume (mg/cm) 0.8 ± 1.7 0.8 ± 1.8 0.99  2.9 ± 6.2 2.4 ± 6.0 0.78 

Appendicular        

Quadriceps femoris area (cm2) 20.3 ± 10.6  17.6 ± 17.3 0.53  12.5 ± 6.2 11.0 ± 8.2 0.49 

Femur cross-sectional area (cm2) 0.2 ± 0.2 0.1 ± 0.2 0.53  2.6 ± 3.3 2.2 ± 2.9 0.70 

Femur cortical bone area (cm2) 0.1 ± 0.1 0.2 ± 0.2 0.26  2.9 ± 3.0 4.3 ± 4.0 0.18 

Femur BMD (mg/cm2) 10.2 ± 52.1 15.3 ± 37.7 0.71  0.7 ± 4.4 1.2 ± 3.1 0.69 

Femur Fat (cm2) 6.9 ± 16.7 12.3 ± 31.7 0.47  9.9 ± 24.5 14.0 ± 44.3 0.70 

 

There were no significant differences in any of the measures. 
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Figure 5 depicts compliance in minutes per month for all males in the mechanical stimulation 

intervention group.  We found that males were less compliant than females had been. 

 

 

 

 

Physical Exercise Arm - Females & Males.  As previously reported, the physical activity arm 

was severely delayed.  Following IRB approval in late 2005, female and male participants 

selected a gym near their homes and arrangements were made for their membership.  Thereafter, 

subjects began 30 minutes of weight-bearing exercise three times/week for this one-year 

intervention.  All subjects were provided with TUMS 500 mg for daily intake during their 

participation.  Weekly telephone calls take place to encourage and record compliance.  It is 

anticipated that all participants in this group will complete the intervention by June 2007. 

 

 

IGF-I Levels and Measures of Bone Structure.  Serum levels of IGF-I were examined prior to 

and following the mechanical intervention in both study subjects and controls.  At the mid-shaft 

of the femurs, IGF-I did not correlate with the material density of cortical bone (r = -0.08), but 

did correlate significantly with cortical bone area (r = 0.50; P < 0.0001) and with the cross-

sectional area (r = 0.49; P < 0.0001) of the bone.  When using multiple regression analyses, IGF-

I was associated with both the cross-sectional area (P = 0.03) and cortical bone area (P= 0.04), 

even after accounting for age, gender, weight and the length of the femur.  Thus, in the 

appendicular skeleton of male and female teenagers and young adults in this study, IGF-I had no 

influence on the material density of the bone, but was found to be a major determinant of the 

cross-sectional properties of the bone.  

 

 

Subject 

Figure 5.  Compliance of the male subjects completing this study expressed as minutes/month. 
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Positive Findings 

Low intensity, high frequency mechanical vibration enhances bone and muscle mass in young 

women.  In contrast, no significant differences were found in bone acquisition between young 

men undergoing high frequency mechanical stimulation and controls. 

 

Negative Findings 

The intervention was not associated to any adverse side effects.  There were no associations 

observed between calcium intake and measures of physical exercise and bone and muscle 

measures in the control or intervention groups.   

 

KEY RESEARCH ACCOMPLISHMENTS   

 

� Baseline studies in 144 females and 144 males completed. 

� Mechanical intervention arm of the longitudinal study and short-term and long-term post-

intervention examinations are completed in females.   

� Control arm of the longitudinal study and short-term and long-term post-intervention 

examinations in females completed.   

� Mechanical intervention arm of the longitudinal study and short-term post-intervention 

examinations are completed in males.   

� Control arm of the longitudinal study and short-term examinations in males are 

completed.   

� The exercise intervention arm in females and in males is in process. 

 

REPORTABLE OUTCOMES   

 

Publications, Abstracts and Presentations 

 

Wren, TA, Liu X, Pitukcheewanont P, Gilsanz V. Bone densitometry in pediatric populations: 

discrepancies in the diagnosis of osteoporosis by DXA and CT.  J Pediatr. 146:776-779, 2005.  

 

Gilsanz V, Wren TAL, Sanchez M, Dorey F, Judex S, Rubin C. Low level, high frequency 

mechanical signals enhance musculoskeletal development of young women with low BMD.  J 

Bone Miner Res. 21:1464-1474, 2006. 

 

Janicka A, Wren TAL, Mittelman S, Sanchez M, Dorey F, Gilsanz V. Fat mass is not beneficial 

to bone in adolescents and young adults.  J Clin Endocrinol Metab, in press, 2006. 

 

10/2004 “Low DXA and CT Bone Measures in Young Adults with a Simple Sequence 

Repeat in IGF-I Gene” 

26th Annual Meeting of the American Society for Bone and Mineral Research 

  Seattle, WA 

 

03/2005 “Comparison of CT and DXA Measurements in Healthy Children” 

Bone Mineral Density in Childhood Study (BMDCS) Meeting 

  National Institute of Child Health and Human Development 

Bethesda, MD 



 

 15 

 

09/2005 “Mechanical Intervention Enhances Bone and Muscle in Young Women with 

Low Bone Density” 

  American Society of Bone and Mineral Research 27
th
 Annual Meeting 

   

06/2006 “Mechanical Intervention Enhances Bone and Muscle in Young Women with 

Low Bone Density” 

CHLA Saban Research Institute 11
th
 Annual Poster Session 

 

06/2006 “Fat Mass is Not Beneficial to Bone” 

  CHLA Saban Research Institute 11
th
 Annual Poster Session 

 

06/2006 “Assessment of Vertebral Peak Bone Mass by CT and DXA” 

  CHLA Saban Research Institute 11
th
 Annual Poster Session 

 

09/2006 “Good, Good, Good Vibrations: Evidence for the Therapeutic Potential of Low- 

Magnitude, High Frequency Mechanical Signals” 

American Society of Bone and Mineral Research 28
th
 Annual Meeting 

 

CONCLUSIONS 

 

The results in female subjects indicate that mechanical signals at orders of magnitude below that 

which might cause damage to bone tissue can have a strong anabolic effect on musculoskeletal 

development.  On average, CT measures of cancellous bone in the axial skeleton and of cortical 

bone in the appendicular skeleton increased 2.1% and 2.3% more, respectively, in subjects 

treated with low-magnitude mechanical loading than in controls.  Simultaneous to gains in bone, 

low-magnitude high-frequency vibration significantly increased muscle mass; close to a 5% 

greater increase in CT values for paraspinous musculature was detected in women in the 

intervention group, compared to controls.  An association was observed between musculoskeletal 

gains and compliance; women using the vibration system more than 2 min/day had greater gains 

in cancellous and cortical bone and paraspinous musculature than women using it less than 2 

min/day, or not at all.   
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